What does this study add?
► Our results demonstrated that the number of prior DMARDs and disease duration affect responses to adalimumab therapy in patients with established RA. ► Number of prior DMARDs appears to limit treatment response regardless of disease duration.
How might this impact on clinical practice or future developments? ► The use of multiple DMARDs prior to initiating therapy with tumour necrosis factor inhibitors (in this case, adalimumab) constitutes a poor prognostic factor and may also mediate the poor prognosis of longer disease duration. ► This should be taken into consideration for future clinical trial design when defining inclusion criteria, which currently limit patient access mostly by duration of disease but not by number of prior DMARDs.
AbsTRACT
Objectives To determine if disease duration and number of prior disease-modifying antirheumatic drugs (DMaRDs) affect response to therapy in patients with established rheumatoid arthritis (Ra). Methods associations between disease duration or number of prior DMaRDs and response to therapy were assessed using data from two randomised controlled trials in patients with established Ra (mean duration, 11 years) receiving adalimumab+methotrexate. Response to therapy was assessed at week 24 using disease activity outcomes, including 28-joint Disease activity score based on C-reactive protein (Das28(CRP)), simplified Disease activity index (sDai) and Health assessment Questionnaire Disability index (HaQ-Di), and proportions of patients with 20%/50%/70% improvement in american College of Rheumatology (aCR) responses. Results in the larger study (n=207), a greater number of prior DMaRDs (>2 vs 0-1) was associated with smaller improvements in Das28(CRP) (-1.8 vs -2.2), sDai (-22.1 vs -26.9) and HaQ-Di (-0.43 vs -0.64) from baseline to week 24. Ra duration of >10 years versus <1 year was associated with higher HaQ-Di scores (1.1 vs 0.7) at week 24, but results on Das28(CRP) and sDai were mixed. a greater number of prior DMaRDs and longer Ra duration were associated with lower aCR response rates at week 24. Data from the second trial (n=67) generally confirmed these findings.
Conclusions number of prior DMaRDs and disease duration affect responses to therapy in patients with established Ra. Furthermore, number of prior DMaRDs, regardless of disease duration, has a limiting effect on the potential response to adalimumab therapy.
InTROduCTIOn
A delay in initiating disease-modifying antirheumatic drugs (DMARDs) can negatively affect longterm outcomes and be associated with greater disease activity, more extensive joint damage and worsened physical disability in patients with rheumatoid arthritis (RA). 1 2 Conversely, rapid implementation of conventional synthetic (cs) DMARDs or tumour necrosis factor inhibitors (TNFis) results in better disease control than delaying start of therapy. [3] [4] [5] [6] [7] However, longer disease duration is not necessarily associated with reduced clinical responsiveness based on observations that patients with different disease durations achieve similar outcomes in clinical trials. [8] [9] [10] In contrast, patients with RA who have failed methotrexate or TNFi therapy have much lower response rates than methotrexatenaïve patients, 11 although it is not clear if these differences are primarily related to having failed an increasing number of prior DMARD therapies or increasing disease duration.
A pooled analysis of 14 RA trials demonstrated that prior use of csDMARDs was associated with reduced likelihood of treatment response to a subsequent csDMARD independently of disease duration. 12 Similarly, the likelihood of achieving 28-joint Disease Activity Score (DAS28) response (reduction >1.2 points) increased as the number of prior biological therapies decreased (p=0.003). 13 In line with this, a lower percentage of patients with ≥3 failed TNFi therapies achieved DAS28 remission compared with patients who failed Rheumatoid arthritis [1] [2] TNFi therapies in an abatacept study. 14 However, it remains unknown if response to the first biologic DMARD, in particular a TNFi, depends on disease duration or prior numbers of failed csDMARDs.
To address this question, we assessed whether use of fewer prior csDMARDs, rather than disease duration, might be predictive of achievement of treatment response using data from a large, randomised, placebo-controlled clinical trial of adalimumab in patients with established RA who had active disease despite methotrexate. To confirm the findings, we analysed data from an additional smaller adalimumab trial.
PATIenTs And MeTHOds study designs
This post hoc analysis included data from two trials, DE019 (NCT00195702) and ARMADA (conducted prior to trial registration requirement), of which the latter was used to confirm the results. The methods and primary results have been previously published for both trials. 10 15 Briefly, both studies were randomised, placebo-controlled, double-blind clinical trials that evaluated the safety and efficacy of adalimumab versus placebo as an add-on therapy to background methotrexate in patients with established RA with active disease. Patients in DE019 were randomised (1:1:1) to receive 52 weeks of treatment with adalimumab 40 mg every other week (eow), adalimumab 20 mg every week (ew) or placebo ew+concomitant methotrexate ew. 10 Patients in ARMADA were randomised to receive 24 weeks of adalimumab 20, 40 or 80 mg eow or placebo+concomitant methotrexate ew. 15 Both studies were performed in accordance with the International Conference on Harmonisation Guidelines for Good Clinical Practice and the Declaration of Helsinki, and the study protocols were approved by ethics review boards of each study center. Written informed consent was obtained before the initiation of study procedures.
This analysis included only patients who received treatment with adalimumab 40 mg eow+methotrexate ew in the two trials. Data from other dosing regimen groups were excluded from this analysis because they are not in clinical use for RA. Patients had received prior csDMARDs (see online supplementary table S1); prior biological therapy was an exclusion criterion in both studies.
Outcomes
Treatment outcomes considered in this analysis included the following: American College of Rheumatology (ACR) response, defined as ≥20% (ACR20), ≥50% (ACR50) and ≥70% (ACR70) improvement from baseline at week 24; mean DAS28 based on C-reactive protein (DAS28(CRP)); Simplified Disease Activity Index (SDAI); and Health Assessment Questionnaire Disability Index (HAQ-DI) at week 24. The mean changes from baseline to week 24 in DAS28(CRP), SDAI and HAQ-DI were also calculated; a reduction in each of these indices indicated improvement in disease activity.
The percentages of patients with HAQ-DI <0.5, DAS28(CRP) low disease activity (LDA, DAS28(CRP) ≤3.2) and SDAI LDA (SDAI ≤11) at week 24 were assessed in subgroups crosstabulated for disease duration and number of prior DMARDs.
statistical analysis
Patients were grouped according to the duration of RA, that is, time since diagnosis: ≤1 year, >1 to 5 years, >5 to10 years and >10 years for patients in DE019 and ≤5 years and >5 to 10 years since the diagnosis of RA for patients in ARMADA.
Patients were also grouped according to the number of prior DMARDs received: methotrexate+0 or 1 prior DMARD, methotrexate+2 prior DMARDs and methotrexate+>2 prior DMARDs for patients in both trials. A separate sensitivity analysis was also conducted in the DE019 study for patient groups based on RA duration tertiles, where patients were divided into three equal-sized groups based on RA duration from shortest to longest.
The effect of RA duration and number of prior DMARDs was determined at week 24 for each treatment outcome in each subgroup. Associations between disease duration or extent of prior DMARD use variables and efficacy endpoints were modelled while controlling for the other variables using multivariate regression analysis. Logistic regression was used for dichotomous dependent variables, and linear regression was used for continuous dependent variables. Subgroups based on disease duration and number of prior DMARDs were assigned ordinal scores and treated as ordinal covariates. The estimate from the logistic model denotes the increase in the odds of ACR response per 1-DMARD category increase/1-duration category increase, while the estimate from the linear model denotes the increase in mean outcome value per 1-DMARD category increase/1duration category increase. For regression models with mean changes from baseline in DAS28(CRP), SDAI or HAQ as the dependent variables, a positive regression coefficient indicates a smaller improvement.
ResulTs

Patient population
This analysis included 207 patients from DE019 and 67 patients from ARMADA who were treated with adalimumab 40 mg eow+methotrexate. In the DE019, RA duration was ≤1 year for 9 patients (4.3%), >1 to 5 years for 62 patients (30.0%), >5 to 10 years for 43 patients (20.8%) and >10 years for 93 patients (44.9%). The mean numbers of prior DMARDs (including methotrexate) in these RA duration groups were 1.4, 2.0, 2.1 and 2.7, respectively (table 1). Of the 207 patients, 75 (36.2%), 62 (30.0%) and 70 patients (33.8%) had received metho-trexate+0 or 1, 2 and >2 prior DMARDs, respectively (table 1). All patients in the DE019 study had received prior csDMARDs; most common prior csDMARDs were methotrexate (all but one patient), hydroxychloroquine (45%) and sulfasalazine (26%; see online supplementary table S1).
In the cross-tabulation analysis, the highest percentage of patients had received >2 prior DMARDs and had >10 years of disease duration (19.8%) followed by those with two prior DMARDs and >10 years of disease duration or 0-1 DMARDs and >1 to 5 years of disease duration (both 14.0%; see online supplementary figure S1).
In ARMADA, the duration of RA was ≤5 years for 51 patients (76.1%) and >5 to 10 years for 16 patients (23.9%). A total of 41 (61.2%), 13 (19.4%) and 13 patients (19.4%) had received methotrexate+0-1, 2 and >2 prior DMARDs, respectively (table 2) . Overall, 76% of patients in the ARMADA study had received prior csDMARDs; most common prior csDMARDs were gold and gold preparations (52%), sulfasalazine (33%) and methotrexate (24%; see online supplementary table S1). In the cross-tabulation analysis, the highest percentage of patients (50.7%) were in the methotrexate +0-1 prior DMARDs and ≤5 years of disease duration category (see online supplementary figure S1). Not surprisingly, as duration of disease increased, the number of prior DMARD treatments also tended to increase in both trials (tables 1 and 2). 
Treatment outcomes
In the DE019 study, the proportion of patients with ACR20, ACR50 and ACR70 responses decreased linearly as the number of prior DMARDs increased ( figure 1A) . Although there was a general trend towards declining responsiveness with increases in disease duration, declines in ACR50 and ACR70 responses were primarily seen when comparing patients with a disease duration of >5 years versus ≤5 years. The improvement from baseline in disease activity was highest among patients who had received methotrexate+0-1 prior DMARDs and numerically lowest among those who had previously received methotrexate+2 or more prior DMARDs (figure 2). In this context, it is noteworthy that baseline disease activity in the DE019 trial did not differ much between groups. Importantly, disease duration did not have an impact on improvement from baseline to week 24 in disease activity by DAS28(CRP) or SDAI. When assessed for physical function, the improvement in HAQ-DI from baseline to week 24 decreased with increasing number of DMARDs and disease duration (figure 2). Furthermore, mean disease activity (DAS28(CRP) and SDAI) and mean absolute HAQ-DI at week 24 showed a numerical increase with increasing numbers of prior DMARDs. Results were more varied with longer disease duration (see online supplementary figure  S2A ).
In the DE019 study cross-tabulation analysis, higher percentages of patients with fewer prior DMARDs and shorter disease duration achieved ACR20, ACR50 and ACR70 responses compared with patients with higher numbers of prior DMARDs and/or longer disease duration (figure 3). This was also observed for achievement of DAS28(CRP) LDA, SDAI LDA and HAQ-DI <0.5 ( figure 4) .
These results were generally confirmed by the ARMADA trial; lower ACR20, ACR50 and ACR70 response rates at week 24 were observed among patients with >2 prior DMARDs+methotrexate versus patients with ≤2 prior DMARDs+methotrexate ( figure 1B ). Similar to observations in DE019, mean DAS28(CRP), SDAI and HAQ-DI at week 24 were higher in patients with higher number of prior DMARDs (see online supplementary figure S2B). Disease duration had no apparent impact on achievement of ACR responses in ARMADA (figure 1B) or mean disease activity or HAQ-DI at week 24 (see online supplementary figure S2B ).
In the ARMADA cross-tabulation analysis, higher percentages of patients with fewer prior DMARDs, regardless of disease duration, generally achieved ACR20, ACR50 and ACR70 responses compared with patients with higher number of prior DMARDs (see online supplementary figure S3). Similar results were observed with achievement of DAS28(CRP) LDA, SDAI LDA and HAQ-DI <0.5 (see online supplementary figure S4 ).
Regression analysis
The multivariate regression analysis of DE019 showed that a greater number of prior DMARDs or longer disease duration was associated with decreased odds of achieving ACR outcome criteria at week 24 with significantly decreased odds for achieving ACR70 (both with greater number of prior DMARDs or longer disease duration) and ACR50 (with longer disease duration only; online supplementary table S2). Longer disease duration was also associated with significantly smaller improvement from baseline to week 24 in HAQ-DI (p<0.05; online supplementary table S2). No significant association was observed in the other disease activity measures or change in disease activity from baseline analyses.
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disease duration tertile sensitivity analysis
In the RA duration tertile analysis, 69 patients were allocated to each of the groups. The mean±SD RA duration was 2.8±1.4 years in the first tertile, 8.6±2.5 in the second tertile and 21.7±7.7 in the third tertile (see online supplementary table S3). Patients in the third tertile were more likely to be older, to be women and to have used more DMARDs prior to study entry than patients in the first or second tertile. Disease activity and HAQ-DI were similar between the groups at baseline.
The proportions of patients with ACR responses were lower in the second and third tertiles versus the first tertile (see online supplementary figure S5) . Similarly, patients in the first tertile had lower HAQ-DI at week 24 and greater improvement from baseline to week 24 in HAQ-DI versus the second and third tertiles. However, disease activity and changes in disease activity from baseline to week 24 were generally similar between the tertiles. Thus, the lack of association between disease duration and change in disease activity by SDAI or DAS28(CRP) was also seen when disease duration was categorised by tertiles rather than fixed cut-off points.
dIsCussIOn
The results of this retrospective analysis of DE019, a large, randomised, double-blind multicentre clinical trial, showed that after 24 weeks of treatment, progressively lower proportions of patients achieved improvement of disease activity as the number of prior DMARDs increased. This was observed for the categorical ACR response rates as well as in reduction of continuous composite disease activity measures DAS28(CRP) and SDAI. Although a similar trend was observed with increasing disease duration, the results were more variable, suggesting that number of prior DMARDs may have an independent effect on disease outcomes. These results were generally confirmed in the smaller ARMADA trial. The most marked differences were observed between patients who had received methotrexate +>2 prior DMARDs as compared with methotrexate with 0-1 prior DMARDs.
We have previously demonstrated that HAQ improvement decreases with increasing disease duration. 16 17 In our current analysis, the change in HAQ-DI from baseline to week 24 decreased with greater number of prior DMARDs and increasing disease duration. Furthermore, longer disease duration was associated with a significantly smaller improvement from baseline in HAQ-DI, and attainment of HAQ-DI <0.5 was also less frequent in those who had the most courses of prior DMARDs or longer disease duration based on the cross-tabulation analysis. This is in line with previous studies that showed that physical function has an activity-related and a damage-related component and with increasing damage (which accrues with increasing disease duration), improvement of HAQ-DI becomes more difficult. 16 17 Although we noticed the expected trend for increased number of DMARDs (from 1.4 to 2.7) with increasing disease duration (from <1 year to >10 years), disease duration did not differ much with increasing number of prior DMARDs (range from 9.3 years to 12.6 years). This contrasts with reported findings of longer disease duration associated with increased number of prior DMARDs in a previous study. 18 The same study also demonstrated that longer disease duration and prior use of biologic DMARDs (TNFi), but not csDMARDs, was associated with significantly reduced likelihood of achieving sustained remission. 18 Association between higher number of prior DMARDs and reduced likelihood of achieving treatment response has been demonstrated in a few other RA studies, 14 19 20 including two certolizumab pegol studies. 13 21 In our study, a greater number of prior DMARDs and longer disease duration were associated with significantly decreased odds of achieving improvement as measured by ACR response. This relationship for improvement in disease activity was also observed in the cross-tabulation analysis in the DE019 study but not in the ARMADA study, which demonstrated better disease outcomes with lower number of prior DMARDs irrespective of disease duration. Although a direct relationship between increasing disease duration and higher number of prior DMARDs to disease activity seems likely, there also might be different mechanisms contributing to the effect. Thus, the current findings add to previous observations that a decreasing responsiveness is due to having failed more therapies 13 rather than having longer disease duration, although there is an obvious overlap between these two. For example, more cycles of failing DMARDs might select a phenotype that is resistant to a new treatment because different pathogenetic pathways may have become 'imprinted'. 22 23 To this end, our analysis demonstrated that in patients with established RA, the number of prior DMARDs had an impact on disease outcomes, specifically changes in disease activity.
Overall, our results suggest that long delays and/or the use of multiple DMARDs prior to initiating therapy with a TNFi (in this case, adalimumab) may actually reduce the potential magnitude of the response to the TNFi. However, it must be noted that the present analyses only evaluated studies in which patients had been treated with prior csDMARD for prolonged periods of time rather than using them for only short term if a low disease activity was not achieved. 24 Therefore, these findings pertain to these specific situations, and the impact of the prior number of csDMARDs may be different in studies that switched csDMARDs rapidly before introduction of biologic DMARDs. 25 Importantly, the European League Against Rheumatism has declared the failure of two csDMARDs as a poor prognostic marker, 26 which is generally in line with the present findings as well as other observations. 27 Thus, patients who do not respond to methotrexate therapy initiated early after a diagnosis of RA appear to benefit most from addition of adalimumab. 28 These analyses demonstrate the benefits of early therapeutic intervention and underscore the need for more standardised treatment guidelines for early RA, particularly in socioeconomic regions lacking rheumatologists, where patients are often managed or monitored by general practitioners or allied health workers. Furthermore, these findings should be considered in future trials when defining inclusion criteria not only by duration of disease but also by number of prior DMARDs. This analysis has certain limitations, including its post hoc nature and restriction to adalimumab data; however, differences between TNFis are not expected. 29 The number of patients included in some prior treatment or disease duration stratum was small; thus, the analysis lacks sufficient statistical power to detect small but potentially statistically significant relationships between some prior treatment or treatment duration subgroups and treatment outcome. Although generally similar observations were made in the ARMADA trial, the confirmation of the results was limited by several factors, particularly the much smaller patient numbers, which did not provide sufficient power to confirm all analyses, and differences in maximum disease durations and standards of care.
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In conclusion, the number of prior DMARDs and disease duration affect response to therapy in patients with established RA, although the effect of the number of prior DMARDs on improvement in disease activity appears to be relevant regardless of disease duration. These results support recommendations that combination therapy with a biologic agent and methotrexate be initiated without delay in patients who do not have a satisfactory response to treatment with methotrexate alone.
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